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,QWURGXFWLRQ
2QWRORJLHVRFFXS\DSURPLQHQWSODFHLQNQRZOHGJHVKDULQJ7KHRQWRORJ\FRQFHSWLVIOH[LEOHDQGLWVDGDSWDELOLW\
OHDGVYDULHW\DQGVRSUHYHQWVDFRPPRQRQWRORJ\GHYHORSPHQWRUHYDOXDWLRQPHWKRG WREHDFFHSWHG7KHLUXVDJH
DUHDLVZLGHDQGWKH\DUHGHYHORSHGWRUHVSRQGPDQ\QHHGLQWKHDUHD7KHVRXQGQHVVRIDQRQWRORJ\EHWZHHQDOOWKH
FUHDWHGRQHVLVPDQLIHVWHGRQO\E\LWVHYDOXDWLRQ$FFRUGLQJO\HYDOXDWLRQLVKLJKO\UHFRPPHQGHGGXULQJZKROHOLIH
F\FOH RI DQ RQWRORJ\ ,Q WKLV FRQWH[W PDQ\ HYDOXDWLRQ PHWKRGV DUH DYDLODEOH WKDW DUH UHVSRQVLYH IRU GLIIHUHQW
HYDOXDWLRQDLPV

$QRQWRORJ\RIGHOD\DQDO\VLVLQFRQVWUXFWLRQVHFWRUXQGHUOLHVWKLVVWXG\7KLVLQHYLWDEOHSUREOHPRIFRQVWUXFWLRQ
VHFWRULVWULHGWREHKDQGOHGLQWKLVZD\WRLQFUHDVHNQRZOHGJHLQWKHLVVXHDQGWRIRUPDEDVHIRUDQ\DWWHPSWWKDW
ZRXOGEHKHOG LQPDFKLQHV HQYLURQPHQW3RVVLEOHXVHRI WKHRQWRORJ\E\ FRQVWUXFWLRQ FRPSDQLHV LQSURMHFW ULVN
DQGRUFODLPPDQDJHPHQWDQGDVDGDWDEDVHIRU WKHFRPSDQLHV LVH[SHFWHGE\WKLVRQWRORJ\7RPHHW WKLVREMHFW
YDOLGDWLRQ E\ UHDO H[SHUW UHSRUWV RQ GHOD\ DQDO\VLV LV VHOHFWHG WR HQVXUH WKH VRXQGQHVV RI WKH OLWHUDWXUH EDVHG
RQWRORJ\

,QWKLVSDSHUOLWHUDWXUHUHYLHZRQRQWRORJ\HYDOXDWLRQPHWKRGVLVKDQGOHGDQGWKHIROORZHGYDOLGDWLRQPHWKRGLV
SUHVHQWHGWRVKRZWKHYDULHW\DQGLPSRUWDQFHRIRQWRORJ\HYDOXDWLRQPHWKRGV
5HVHDUFKEDFNJURXQG
,Q WKLVVHFWLRQ ILUVWO\RQWRORJ\ LVGHILQHGDQG IROORZLQJ WKDW OLWHUDWXUH UHYLHZRQ LWVHYDOXDWLRQ LVSUHVHQWHG WR
UHYHDOLWVH[WHQW
2.1. Ontology 
2QWRORJLHVKDYHEHHQZLGHO\XVHGLQNQRZOHGJHHQJLQHHULQJVLQFHVWRPHHWWKHQHHGRIXQLILHGIRUPVIRU
LQIRUPDWLRQ VKDULQJ WR SURYLGH FRPPRQ XQGHUVWDQGLQJ DQG UHXVH >@ :LWK LWV ZLGHO\ NQRZQ GHILQLWLRQ DQ
RQWRORJ\LV³DQH[SOLFLWVSHFLILFDWLRQRIDFRQFHSWXDOL]DWLRQ´>@&RUFKRHWDO>@SUHVHQWDXQLILHGGHILQLWLRQDV
³RQWRORJLHV DLP WRFDSWXUHFRQVHQVXDONQRZOHGJH LQDJHQHULF DQG IRUPDOZD\ DQG WKDW WKH\PD\EH UHXVHGDQG
VKDUHGDFURVVDSSOLFDWLRQVVRIWZDUHDQGE\JURXSVRISHRSOH´$GGLWLRQDOO\*DQJHPLHWDO>@VWUXFWXUDOO\GHILQH
DQRQWRORJ\DV³DJUDSKZKRVHQRGHVDQGDUFVUHSUHVHQWFRQFHSWXDOL]DWLRQV´%DVLFDOO\LWLVWKHJUDSKRIPHWDGDWD
UDQJLQJIURPWKHVDXULWD[RQRPLHVDQGD[LRPDWL]HGWKHRULHV7KHWD[RQRPLFVXEFODVVRILVDUHODWLRQVKLSVRIDQ
RQWRORJ\FRQVWLWXWHWKHGHSWKDQGEUHDGWKRIDQRQWRORJ\ZKHUHDVQRQWD[RQRPLFUHODWLRQVFRQVWLWXWHWKHGHQVLW\RI
WKHRQWRORJ\ ,W LV WKHGH[WHULW\RI LWVGHYHORSHU WRNHHS WKHFRQFHSWXDOL]DWLRQ LQD VHPDQWLFDOO\ IRUPDOL]HG IRUP
QDPHO\LQWKHJUDSK>@2QWRORJLHVDUHEDVLFDOO\WD[RQRPLFWUHHRIFRQFHSWXDOL]DWLRQVIURPJHQHUDOREMHFWVDW WKH
WRSOHYHOWRWKHVSHFLILFRQHVDWWKHERWWRPOHYHO>@:KHQWD[RQRPLHVDUHLPSURYHGZLWKPRUHLQIRUPDWLRQWKURXJK
UHODWLRQV DQG UXOHV IRUPRGHOLQJ D GRPDLQ WKH\ EHFRPH RQWRORJ\ >@$FFRUGLQJO\ RQH LV IUHH WR FRQVWUXFW DQ\
OLJKWZHLJKW JHQHUDOO\ LQFOXGLQJ FRQFHSWV FRQFHSW WD[RQRPLHV UHODWLRQVKLSV EHWZHHQ FRQFHSWV DQG SURSHUWLHV RI
FRQFHSWVRUKHDY\ZHLJKW DGGLWLRQDOO\ LQFOXGLQJD[LRPVDQGFRQVWUDLQWVRQWRORJ\ WKDWZRXOGEHVWUXFWXUHG WREH
UHVSRQVLYHWRDQ\QHHG>@7KHUHDUHYDULRXVRQWRORJ\FRQVWUXFWLRQPHWKRGVUDQJLQJIURPFRQVWUXFWLRQIURPVFUDWFK
WRPHUJLQJH[LVWLQJRQWRORJLHVDQGJHQHUDWLQJRQWRORJLHVZLWKDXWRPDWLFFRQVWUXFWLRQSULQFLSOHVRQWRORJ\OHDUQLQJ
>@ ,Q UHVSRQVH WR WKLV WKHUH DUH ZLGH UDQJH RI HYDOXDWLRQPHWULFV DYDLODEOH SUHVHQWHG WR HYDOXDWH WKH LQWHQGHG
VWUXFWXUHDQGIXQFWLRQDOLW\RI WKHRQWRORJ\>@0RUHRYHU UHVHDUFKHUV WKDWSURSRVHGHYHORSPHQWVWUDWHJLHVDOVR
PHQWLRQ VRPH GHVLJQ DQG HYDOXDWLRQ FULWHULD IRU RQWRORJLHV OLNH WKH RQHV SUHVHQWHG E\ )R[ DQG *UXQLQJHU >@
*RPH]3HUH]>@DQG*UXEHU>@
2.2. Ontology evaluation 
:LWKZLGHVSUHDGXVDJHRIRQWRORJLHVLQNQRZOHGJHUHSUHVHQWDWLRQGHYHORSPHQWDQGUHXVHRIRQWRORJLHVEULQJ
XSTXHVWLRQ RI HYDOXDWLRQRI RQWRORJLHV7KHUH DUH YDULRXV HYDOXDWLRQPHWKRGV WKDW VHDUFK IRU GLIIHUHQWPHDVXUHV
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ZLWKTXDOLWDWLYHRUTXDQWLWDWLYHPHWULFVIRUGLIIHUHQWRQWRORJLHVKRZHYHUQRJOREDODSSURDFKKDVEHHQDGRSWHG>@
$VLWLVSUHYLRXVO\VWDWHGRQWRORJLHVYDU\LQWKHLUGRPDLQVL]HSXUSRVHODQJXDJHDQGPD\EHKDQGFDUYHGPD\EH
FRQVWUXFWHG E\ VFKRODUV RU GRPDLQ H[SHUWV RUPD\ EH REWDLQHG E\ DQ DXWRPDWLF RU VHPLDXWRPDWLF SURFHVV 7KLV
VLWXDWLRQOHDGVHYDOXDWLRQRIRQWRORJLHV WREHFRPSOLFDWHGDQGSUHYHQWVUHOHDVHRIDVWDQGDUGHYDOXDWLRQSURFHGXUH
>@ $GGLWLRQDOO\ HYDOXDWLRQ LV UHTXLUHG GXULQJ ZKROH OLIHF\FOH RI DQ RQWRORJ\ QDPHO\ GXULQJ SUHPRGHOOLQJ
GXULQJ PRGHOOLQJ EHIRUH UHOHDVH DQG DIWHU UHOHDVH >@ 0DQ\ VWXGLHV KHOG E\ GLIIHUHQW UHVHDUFKHUV LQ WKH
RQWRORJ\HYDOXDWLRQDUHDDGGUHVVWKHSUREOHPDQGSRLQWXSLPSRUWDQFHRIWKHLVVXH7KHUHDUHPHWKRGVWKDWDUHHLWKHU
PDQXDORUDXWRPDWLFHLWKHUGHDOLQJZLWKWD[RQRP\RUHYDOXDWLQJWKHFRQWHQWDQGHLWKHUGHSHQGHQWWRVRPHVSHFLILF
WRROODQJXDJH RU LQGHSHQGHQW >@ 7KLV GRXEOH YDULHW\ RI RQWRORJ\ GHYHORSPHQW DQG HYDOXDWLRQ LQFUHDVHV WKH
FRPSOH[LW\ LQ WKH DUHD DQG NHHSV WKH HYDOXDWLRQ SUREOHP XQVROYHG >@ $FFRUGLQJO\ WR REWDLQ D UHOLDEOH
RQWRORJ\FRPSOHPHQWDU\XVHRIGLIIHUHQWHYDOXDWLRQPHWKRGVLVDSSUHFLDWHG>@
2.2.1. Classification of ontology evaluation methods 

7KHUHDUHYDULRXVFODVVLILFDWLRQDWWHPSWVRQHYDOXDWLRQPHWKRGVDQGWRROVWKHGHWDLOVRIZKLFKDUHJLYHQEHORZ
7KHFRPPRQSRLQWEHWZHHQWKHPLVLQJHQHUDOWHUPVWKH\DUHHLWKHUverification methodsWKDWHQVXUHWKHRQWRORJ\LV
FRQVWUXFWHGFRUUHFWO\RUvalidation methodsWKDWHQVXUHWKHRQWRORJ\UHSUHVHQWVWKHUHDOZRUOG>@
+DUWPDQQHWDO>@FODVVLI\RQWRORJ\HYDOXDWLRQIRUWKHPHWKRGVDVOntoMetric±$QDO\WLF+LHUDUFK\3URFHVV
EDVHGPHWKRGWKDWSUHVHQWVVHWRIPHDVXUHVWRVHOHFWWKHEHVWRQWRORJ\IRUDSDUWLFXODUQHHGNatural Language 
Application Metrics ±PDLQO\ DVVRFLDWLQJPHQWLRQV LQ WKH WH[WZLWK WKH FRQFHSWV LQ WKDW RQWRORJ\ SUHFLVLRQ DQG
UHFDOO PHWULFV FRVWEDVHG HYDOXDWLRQ PHWULF RQWRORJ\ ILW ± WKH WHQQLV PHDVXUH DQG OH[LFDO FRPSDULVRQ OHYHO
PHDVXUH OntoClean ± HYDOXDWLRQRI IRUPDO VWUXFWXUHRI WKH WD[RQRP\E\ WKHRQWRORJLFDOQRWLRQVRI ULJLGLW\
XQLW\LGHQWLW\DQGGHSHQGHQFHEvaLexon±PDLQO\FUHDWLQJRQWRORJLHVIURPWH[WFRPSDULVRQRIWKHYRFDEXODU\
ZLWKWH[WFDOFXODWLRQRIFRYHUDJHDFFXUDF\SUHFLVLRQUHFDOO$GGLWLRQDOO\WKH\SUHVHQWWKHDSSOLFDWLRQVDQGWRROVDV
ODEval±WRROWKDWGHWHFWVSRVVLEOHSUREOHPVLQFRQFHSWWD[RQRPLHVOntoManager±WRROWKDWHYDOXDWHVWKH
WUXWKIXOQHVVRIDQRQWRORJ\ZLWKUHVSHFWWRWKHGRPDLQ
*DQJHPL HW DO >@ LGHQWLI\ WKUHH FDWHJRULHV DV structural measures ± HYDOXDWLRQ RI IRUPDO VWUXFWXUH RI WKH
RQWRORJ\ WKH JUDSK functional measures ± HYDOXDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH RQWRORJ\ DQG WKH LQWHQGHG
PHDQLQJ KRZ LW VHUYHV IRU WKH SXUSRVH LWV FRJQLWLYH VHPDQWLFV PDLQO\ SUHFLVLRQUHFDOOEDVHG PHDVXUHV DQG
usability-profiling measures ± HYDOXDWLRQ RI WKH RQWRORJ\ SURILOH FRPPXQLFDWLRQ FRQWH[W RI WKH RQWRORJ\ LWV
SUDJPDWLFV Structural measures DUH GHSWK EUHDGWK WDQJOHGQHVV IDQRXWQHVV VSHFLILF GLIIHUHQFH GHQVLW\
PRGXODULW\ORJLFDODGHTXDF\PHWDORJLFDODGHTXDF\GHJUHHGLVWULEXWLRQFunctional measuresDUHSUHFLVLRQUHFDOO
DQG DFFXUDF\ZKLFK DUHPHDVXUHG DJDLQVW H[SHUWV¶ MXGJPHQW RU D GDWD VHW DVVXPHG DV D TXDOLILHG H[SUHVVLRQ RI
H[SHUWV¶ 7KH\ JLYH IXUWKHU GHWDLO IRU IXQFWLRQDO PHDVXUHV DV MXGJPHQW E\  DJUHHPHQW DVVHVVPHQW  XVHU
VDWLVIDFWLRQDVVHVVPHQWWDVNDVVHVVPHQW±ZKDWLVVXSSRUWHGE\WKHRQWRORJ\"VHUYLFHVSHFLILFDWLRQEDVHGJROG
VWDQGDUGVROXWLRQEDVHGH[SOLFLWWDVNEDVHGWRSLFDVVHVVPHQW±ERXQGDULHVRIWKHNQRZOHGJHGRPDLQDGGUHVVHG
E\ WKH RQWRORJ\  PRGXODULW\ DVVHVVPHQW ± EXLOGLQJ EORFNV IRU WKH GHVLJQ RI WKH RQWRORJ\ )LQDOO\ usability-
profiling measuresDUHKDQGOHGDVUHFRJQLWLRQHIILFLHQF\DQGLQWHUIDFLQJ
)HUQDQGH]%UHLVHWDO>@VWDWHWKDWRQWRORJ\HYDOXDWLRQLVVXHKDVEHHQKDQGOHGIURPGLIIHUHQWSHUVSHFWLYHVVRLW
LV SRVVLEOH WR JURXS WKHP DV HYDOXDWLRQ ZLWK WKH DLP RI ranking correctness RU quality *HQHUDOO\ UDQNLQJ DQG
FRUUHFWQHVVDUHHYDOXDWHGIRUWKHstructural propertyZKHUHDVXVDELOLW\UHOLDELOLW\DQGIXQFWLRQDOLW\LVFRQVLGHUHGLQ
WKH VHDUFK RI RQWRORJ\ quality 7KH\ XQGHUOLQH WKDW RQWRORJ\ GHYHORSPHQW SURFHGXUHV EHDU WUDFHV RI 6RIWZDUH
(QJLQHHULQJDQGWKH\XQGHUWDNHWKHHYDOXDWLRQLVVXHIURPWKDWSHUVSHFWLYH,62VWDQGDUGIRUVRIWZDUHTXDOLW\
DVZHOO6RIWZDUHHYDOXDWLRQFRQVLVWVRIinternalexternalDQGin-use TXDOLW\PHDVXUHVInternal measuresFRQVWLWXWH
WKH PHDVXUHV WKDW DUH UHODWHG ZLWK WKH VRIWZDUH LWVHOI DQG JHQHUDOO\ KHOG GXULQJ HDUO\ GHVLJQ SURFHVV ZKHUHDV
external measures DUH WKH RQHV HYDOXDWHG GXULQJ WHVWLQJ RU RSHUDWLQJ SURFHVV LQ ODWHU GHVLJQ RU EHIRUH UHOHDVH
SURFHVVDQGWKH\DUHJHQHUDOO\UHODWHGZLWKWKHEHKDYLRURIWKHVRIWZDUH,QOLJKWRIWKHVHWKH\SURSRVHDQRQWRORJ\
HYDOXDWLRQ IUDPHZRUN WKDW LV VWUXFWXUHG IURP VHYHQ TXDOLW\ GLPHQVLRQV DV structural functionality reliability
usabilityefficiencymaintainabilityDQGquality in use
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1HW]HUHWDO>@JURXSWKHRQWRORJ\HYDOXDWLRQSXUSRVHDVassessing the qualityE\LWVGHYHORSHUVRUranking the 
ontologies WR FKRRVH IRU VRPH SDUWLFXODU XVH $GGLWLRQDOO\ WKH\ JURXS WKH HYDOXDWLRQ PHWKRGV DV intrinsic DQG
extrinsicPHWKRGVIntrinsic methodsIRFXVHYDOXDWLRQRIWKHVWUXFWXUDOSURSHUWLHVZKHUHDVextrinsic methodsUHTXLUH
VRPHH[WHUQDOLQIRUPDWLRQVXFKDVDFRUSXVWKDWUHSUHVHQWVWKHGRPDLQNQRZOHGJHGDWDGULYHQHYDOXDWLRQH[SHUW
RSLQLRQRUDSDUWLFXODUWDVN
=RXDTDQG1NDPERX>@PHQWLRQstructural evaluationsDQGRWKHUDSSURDFKHVDVgold standards±FRPSDULQJ
WKHRQWRORJ\ZLWKD³JROGVWDQGDUG´application-based±XVLQJWKHRQWRORJ\ZLWKDQDSSOLFDWLRQDQGHYDOXDWLQJWKH
UHVXOWVdata-driven±FRPSDULQJWKHRQWRORJ\ZLWKDVRXUFHRIGDWDIURPWKHGRPDLQWREHFRYHUHGDQGassessment 
by domain experts
3DWULFN DQG )ORULDQ >@ FODVVLI\ RQWRORJ\ HYDOXDWLRQ SURFHVV DFFRUGLQJ WR LWV approach ± JROGHQ VWDQGDUG
DSSOLFDWLRQEDVHG GDWDGULYHQ DVVHVVPHQW E\ KXPDQV complexity ± PHWKRGV HYDOXDWLQJ OH[LFDOYRFDEXODU\GDWD
OD\HUKLHUDUFK\WD[RQRP\FRQWH[WDSSOLFDWLRQOHYHOV\QWD[VWUXFWXUHDUFKLWHFWXUHGHVLJQDQGevaluation method±
HYROXWLRQEDVHGORJLFDOUXOHEDVHGDQGPHWULFIHDWXUHEDVHG7KH\DOVRPHQWLRQHYDOXDWLRQWRROVDQGPHWKRGVDV
2QWR0DQDJHU2QWR0HWULF2QWR&OHDQ(YD/H[RQ:(%&25(DQG62QWR(YDO
%DFKLU%RXLDGMUDDQG%HQVOLPDQH >@GLYLGHDYDLODEOHPHWKRGV LQWR IRXUJURXSVVWDUWLQJZLWKwhat should be 
evaluatedDV³ZKROHRQWRORJ\HYDOXDWLRQ´RU³SDUWLDORQWRORJ\HYDOXDWLRQ´7KH\IXUWKHUSUHVHQWWKHJURXSVRIwhy it 
should be evaluated ± ³YDOLGLW\ RI RQWRORJLFDO VWUXFWXUH´ RU ³TXDOLW\ IRU XVH´when it should be evaluated ±
³EHIRUH WKH RQWRORJ\ EXLOGLQJ SURFHVV´ ³GXULQJ WKH RQWRORJ\ EXLOGLQJ SURFHVV´ ³GXULQJ WKH RQWRORJ\ HYROXWLRQ
SURFHVV´³EHIRUHUHXVLQJWKHRQWRORJ\´DQGbased on what it should be evaluated±³FRUSXVEDVHGHYDOXDWLRQWR
HVWLPDWH DFFXUDF\ DQG FRYHUDJH RI WKH RQWRORJ\´ ³JROGVWDQGDUGEDVHG HYDOXDWLRQ WR FRPSDUH RQWRORJ\ZLWK D
JROGVWDQGDUG´ ³WDVNEDVHG HYDOXDWLRQ WR VHDUFK KRZ XVH RI RQWRORJ\ HIIHFWV WKH DSSOLFDWLRQ´ ³H[SHUWEDVHG
HYDOXDWLRQHYDOXDWLRQE\KXPDQH[SHUWV´³FULWHULDEDVHGHYDOXDWLRQWRPHDVXUHILWRIRQWRORJ\WRVRPHFULWHULD´
%RORWQLNRYDHWDO>@FODVVLI\WKHPHWKRGVRIRQWRORJ\HYDOXDWLRQDFFRUGLQJWRthe goal of evaluationthe stage 
of evaluationthe degree of automationthe object of the analysisDQGthe tools applied for analysis$QDO\VLVWRROV
DUH FODVVLILHG DV ³GDWDGULYHQ WRROV´ ³H[SHUW HYDOXDWLRQV´ ³LQYHVWLJDWLRQ RI SURILOHV RI XVH´ ³FRPSDULVRQ ZLWK
µJROGHQVWDQGDUG¶´DQG³LQYHVWLJDWLRQRI WRSRORJLHVRI WKHRQWRORJ\JUDSK´7KHDXWRPDWLRQGHJUHHRI WKHVHWRROV
DUHKDQGOHGWKURXJKWKHLU³DXWRPDWLF´³VHPLDXWRPDWLF´DQG³PDQXDO´LQGLFDWLRQZKLOHWKHDSSOLFDWLRQVWDJHRIWKH
DQDO\VLVLVJURXSHGDV³GHYHORSPHQWDQGSURWRW\SLQJ´³WHVWLQJEHIRUHUHOHDVH´DQG³XVH´2EMHFWRIWKHHYDOXDWLRQ
FDQEH³VWUXFWXUH´³GLFWLRQDU\´DQG³HIILFLHQF\RISUDFWLFDODSSOLFDWLRQ´DQGWKHUHFDQEHGLIIHUHQWHYDOXDWLRQJRDOV
DVGHSLFWHGLQWKHHYDOXDWLRQVFKHPDSURYLGHGLQWKHVWXG\$VDQDGGLWLRQWRWKLVFODVVLILFDWLRQWKH\XQGHUOLQHWKH
LPSRUWDQFHRITXDOLW\RI WKHGHVLJQRI WKHRQWRORJLHVDQGPHQWLRQ WZRDVSHFWV WREHHYDOXDWHGDV³FRUUHFWQHVV
DQG GHSWK RI UHIOHFWLRQRI WKH VXEMHFW GRPDLQ DQG  HUJRQRPLF DVSHFW RI WKH RQWRORJ\ UHSUHVHQWDWLRQ IURP WKH
SRLQW RI YLHZ RI TXDOLW\ DQG KXPDQ VSHHG RI SHUFHSWLRQ´ )XUWKHU WKH\ SUHVHQW GHWDLOHG TXDQWLILDEOH PHWULFV WR
HYDOXDWH WKH FRJQLWLYH HUJRQRPLFV RI WKH RQWRORJLHV DQG VWDWH WKH LPSRUWDQFH RI FRJQLWLYH HUJRQRPLFLW\ ZKHQ
RQWRORJ\LVDLPHGIRUOHDUQLQJRUSDVVLQJRQNQRZOHGJH
2.2.2. Data-driven evaluation and NLP 

%UHZVWHUHWDO>@VWDWHWKDWRQWRORJLHVDUHVLPSO\VHWRIFRQFHSWVDQGUHODWLRQVWKDWDUHHLWKHUH[SOLFLWO\GHILQHG
RUIROORZLQJIURPVHWRID[LRPVDQGDFFRUGLQJO\WKH\DUHDEVWUDFWLRQVIURPDVHWRIQDWXUDOODQJXDJHWH[WVWKDWDUH
GHVFULELQJWKHGRPDLQ$FFRUGLQJO\WKH\SURSRVHUHYHUVLQJWKHSURFHGXUHIRUHYDOXDWLRQDVILQGLQJFRQFHSWVLQWKH
WH[WVWKDWDUHUHODWHGZLWKWKHRQHVLQWKHRQWRORJ\DQGQDPHWKLVSURFHVVDV³FRUSXV´RU³GDWDGULYHQ´HYDOXDWLRQ
$GGLWLRQDOO\ *DQJHPL HW DO >@ PHQWLRQ WKDW IXQFWLRQDO PHDVXUHPHQW LV EDVHG RQ ³PDWFKLQJ´ EHWZHHQ WZR
VWUXFWXUHVEDVLFDOO\WKHVHDUFKRIFRUUHVSRQGHQFHEHWZHHQWKHRQWRORJ\DQGVRPHWKLQJHOVH7KH\DGGLWLRQDOO\UHIHU
1DWXUDO/DQJXDJH3URFHVVLQJ 1/3EDVHGPHWKRGVPHWKRGVEDVHGRQPDWFKLQJEHWZHHQDFRUSXVRIGRFXPHQWV
DQG WKHRQWRORJ\ DVJHQHUDOO\ XVHGPHWKRGV IRU IXQFWLRQDO DVVHVVPHQW7KH\ UHIHU WR'DHOHPDQV DQG5HLQEHUJHU
>@WKDW1/3EDVHGPHWKRGVSURYLGHWRVKRZWKHRQWRORJLHVDUH³FRQVHQVXDOFRQFHSWXDOL]DWLRQV´UDWKHUWKDQMXVWLWV
GHYHORSHUV¶ LGHDV 7KURXJK D FRUSXVEDVHG DQDO\VLV HPSLULFDO HVWLPDWLRQ RI WKH accuracy DQG coverage RI WKH
RQWRORJ\FDQEHPDGH>@,QSDUDOOHOZLWKWKHVH+DUWPDQQHWDO>@SRLQWRXWWZRPHWULFVDV³RQHWKDWVKRZVKRZ
ZHOO D µVDPSOH RQWRORJ\¶ EXLOW DV WKH UHVXOW RI D FHUWDLQ PHWKRGRORJ\ KXPDQ PRGHOOLQJ RU DXWRPDWHG PLQLQJ
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µUHSUHVHQWV¶ D FRPPRQO\ DFFHSWHG UHIHUHQFH FRUSXV DQG RQH WKDW GHWDLOV KRZ WKH RQWRORJ\ DFWXDOO\ RUGHUHG
µFRUUHVSRQGV¶ZLWKWKHLQSXWWH[WVRIWKHFXVWRPHU¶VDSSOLFDWLRQGRPDLQ´
(YDOXDWLRQRIGHOD\DQDO\VLVRQWRORJ\
,QWKLVVHFWLRQWKHGHOD\DQDO\VLVRQWRORJ\LVLQWURGXFHGDQGWKHHVWDEOLVKHGHYDOXDWLRQSURFHGXUHLVSUHVHQWHG
3.1. Delay analysis ontology 
$V LW LVSUHYLRXVO\ VWDWHGDGHOD\DQDO\VLVRQWRORJ\PD\DFWDVDYRFDEXODU\RI WKHGHOD\DQDO\VLVGRPDLQDQG
SURYLGHWKHHDV\XQGHUVWDQGLQJRIWKHGHEDWH$GGLWLRQDOO\ZLWKLWVDELOLW\RIHDV\DGDSWDWLRQWRWKHPDFKLQHVZRUOG
RQWRORJ\PD\EHXVHGLQDVRIWZDUHSURJUDPRUIRUPWKHEDVLVRIDFRPSDQ\GDWDEDVHRUGHFLVLRQVXSSRUWV\VWHP
0HWKRQWRORJ\SURFHGXUH >@ LV IROORZHG VWHS E\ VWHS IRU WKH HVWDEOLVKPHQW RI RQWRORJLFDO VWUXFWXUH DQG WKH WRRO
3URWHJH LVXVHG IRU LWV LPSOHPHQWDWLRQ)RU WKHGHVLJQRI WKHRQWRORJ\SULQFLSOHRI1R\DQG0F*XLQQHVV >@ DV
nouns LQ VHQWHQFHV WKDW GHVFULEH GRPDLQ FRQVWLWXWH objects/concepts LQ DQ RQWRORJ\ ZKHUHDV verbs LQ VHQWHQFHV
FRUUHVSRQGWRrelationsRIWKHFRQFHSWVLQWKHRQWRORJ\FRQVWLWXWHVWKHIRXQGDWLRQRIWKHFRQFHSWXDOEDFNJURXQGRI
WKHRQWRORJ\7KHPDLQFRQFHSWV LQ WKH LVVXHDUHH[WUDFWHG IURP OLWHUDWXUH UHYLHZRQGHOD\DQDO\VLVDV³causes of 
delay´³types of delay´³responsibility of delay´³claim for impact of delay´³analysis of delay´DQG³prevention 
of delay´DFFRUGLQJO\WKHGHOD\DQDO\VLVRQWRORJ\LVGHILQHGLQIHZVHQWHQFHVWKDWDUHDEOHWREHUHDGWKURXJKZD\V
IRUPHG E\ SDVVDJHV IURP WKH VXUURXQGLQJ FODVVHV WR WKH FRUH FODVV ³GHOD\´ 7KH IROORZLQJ 8QLILHG 0RGHOOLQJ
/DQJXDJH80/GLDJUDPFRQVWLWXWHVWKHJUDSKRIWKHJHQHUDWHGRQWRORJ\)LJ7KHUHODWLRQVDWFRQFHSWOHYHODUH
GHSLFWHG LQ EODFN DQG EOXH ZKLOH WKH UHODWLRQV DW LQVWDQFH OHYHO DUH GHSLFWHG LQ UHG )RU WKH IXOO WD[RQRP\ RI
FRQFHSWVEHKLQGWKHJUDSKRIWKHRQWRORJ\WKHGHWDLOVRIWKHRQWRORJ\FDQEHLQYHVWLJDWHGLQWKHVWXG\RI%LOJLQ>@

)LJ&RPSOHWHPRGHORIGHOD\DQDO\VLVRQWRORJ\>@
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3.2. Evaluation procedure 
$V LW LV SUHVHQWHG WKHUH DUHPDQ\PHWKRGV DYDLODEOH IRU DOPRVW DQ\NLQGRI HYDOXDWLRQ DQGQHZRQHV FDQEH
DGGHG DFFRUGLQJ WR WKH VSHFLILF IHDWXUHV RI WKH FUHDWHG RQWRORJ\:LWKLQ WKH YDULHW\ RI HYDOXDWLRQPHWKRGV LW LV
LPSRUWDQWWRXVHFRPSOHPHQWDU\PHWKRGVWKDWZLOOUHVSRQGWRERWKHYDOXDWLRQDVSHFWVDVverificationDQGvalidation
0XOWLSOHXVHRIPHWKRGV OHDGVDFRQVLVWHQWDQGXVDEOHRQWRORJ\>@)RUH[DPSOH(O'LUDE\DQG:DQJ>@XVH
FRPSHWHQF\TXHVWLRQVH[SHUWHYDOXDWLRQVDQGWHVWVRQVDPSOHGRFXPHQWVWRHYDOXDWHWKHLURQWRORJ\LQWHUPVRIHDVH
RI QDYLJDWLRQ DEVWUDFWLRQ FRQVHQVXV UHSUHVHQWDWLRQ DQG FRQVLVWHQF\ (YDOXDWLRQ FDQ EH GRQH IRU WKH VHDUFK RI
YDULRXV PHDVXUHV KRZHYHU ZKHQ LWV VSHFLILF XVH LV WKRXJKW FULWHULD UHOHYDQW IRU WKDW XVH VKRXOG EH WDNHQ LQWR
FRQVLGHUDWLRQ>@*DQJHPLHWDO>@UHIHUWR1R\>@DVLWLVVWDWHGWKDWNQRZLQJWKHRQWRORJ\LVDFFXUDWHWRVRPH
IRUPDOFULWHULDQDPHO\LWVVWUXFWXUDOTXDOLW\RQO\LPSOLHVWKDWWKHRQWRORJ\LVXVDEOHEXWLWGRHVQRWJLYHDQ\LGHD
DERXWLWVVXLWDELOLW\IRUWKHFDVHLQKDQG,QOLJKWRIWKHVHUHJDUGLQJWKHHYDOXDWLRQRIGHOD\DQDO\VLVRQWRORJ\ILUVWRI
DOO VLQFH LW LV FRQVWUXFWHGZLWK DPHWKRGRORJ\ 0HWKRQWRORJ\ WKDW LQGLFDWHV HYDOXDWLRQ VWHS DV D FRQWLQXRXV VWHS
GXULQJWKHFRQVWUXFWLRQRIWKHRQWRORJ\YHULILFDWLRQRIWKHRQWRORJ\LVFRQVLGHUHGIURPWKHEHJLQQLQJWRWKHHQGRI
WKH RQWRORJ\ FRQVWUXFWLRQ SURFHVV &RPSHWHQF\ TXHVWLRQV DUH XVHG LQ WKH VSHFLILFDWLRQ VWHS RI WKHPHWKRGRORJ\
ZKLFKLVDPHWKRGSURSRVHGE\*UXQLQJHUDQG)R[>@DVWKHTXHULHVKHOSLQJWKHFRQVWUXFWLRQDQGDOVRHYDOXDWLRQ
RIWKHRQWRORJ\7KHIROORZLQJcompetency questionsDUHXVHGWRVWUXFWXUHWKHRQWRORJ\³:K\WKLVRQWRORJ\LVEHLQJ
EXLOW"´³:KRDUHLWVXVHUV"´³:KDWLVGHOD\"´³:KDWLVGHOD\DQDO\VLV"´³:KDWGRHVKDSSHQLQFDVHRIDGHOD\"´
³:KDWDUHWKHFDXVHVRIGHOD\"´³:KRDUHUHVSRQVLEOHIURPGHOD\"´³:KDWVKRXOGEHGRQHLQFDVHRIDGHOD\"´
³:KDW VKRXOG EH GRQH IRU WKH SUHYHQWLRQ RI GHOD\"´ $GGLWLRQDOO\ YDULRXV GHVLJQ FULWHULD SUHVHQWHG E\ GLIIHUHQW
UHVHDUFKHUV>@KDYHDFRQWURORYHUWKHFRQVWUXFWLRQRIWKHRQWRORJ\DQGDUHWDNHQLQWRFRQVLGHUDWLRQDVIDUDV
SRVVLEOH2EMHFWLYLW\LVWULHGWREHSURYLGHGWRSUHYHQWDPELJXLW\DQGLQFRQVLVWHQWGHILQLWLRQVDUHQRWLQFOXGHGLQWKH
RQWRORJ\$OVR WKHFUHDWHGRQWRORJ\ LVHDV\ WRXSGDWHGXH WR LWVFRPPRQUHSUHVHQWDWLRQV\VWHPDQGKDVRQO\ WKH
FRPPRQ GHILQLWLRQV RI WKH VXEMHFW VR GRHV QRW OLPLW LWV XVHUVZKHQ LWV XVDJH LV LQ TXHVWLRQ0RUHRYHU IRU WKH
LPSOHPHQWDWLRQRIWKHRQWRORJ\DUHOLDEOHWRRO3URWHJHLVXVHGWKDWZRXOGIRUPDQDQWLFLSDWHGRQWRORJ\VNHOHWRQ
$FFRUGLQJO\WKHYHULILFDWLRQRIWKHRQWRORJ\LVVHDUFKHGDVDQLQLWLDOVWHSRIHYDOXDWLRQDQGZKDWLVFUXFLDODWWKLV
SRLQWLVWKHLQYHVWLJDWLRQRIPDWFKLQJRIWKHFRQVWUXFWHGRQWRORJ\WRUHDOZRUOG%HVLGHV/RYUHQFLFDQG&XEULOR>@
VWDWH WKDWVPDOORQWRORJLHVFDQEHFUHDWHGZLWKRQO\IHZPLVWDNHVKRZHYHU LQFRPSOHWHQHVVSUREOHPDOZD\VH[LVWV
$FFRUGLQJO\ IRUD OLJKWZHLJKWDQG WKLV W\SHRIRQWRORJ\VHDUFKIRUFRPSOHWHQHVV LVDOVR LPSRUWDQW >@%HWZHHQ
DYDLODEOH RSWLRQV IRU YDOLGDWLRQ H[SHUW LQWHUYLHZV FDVH VWXGLHV FRPSDUDWLYH DQDO\VLV RI LQGXVWU\ GRFXPHQWV DQG
FRPSHWHQF\TXHVWLRQV WKHYDOLGDWLRQRI WKHRQWRORJ\ WKURXJK FDVH VWXGLHV LV VHOHFWHG >@5HDOexpert
reports IRU FODLP DQDO\VLV DUH VHOHFWHG VLQFH WKH\ DUH WKH SULPDU\ GRFXPHQWV IRU GHOD\ DQDO\VLV 7KH WHFKQLTXH
KDQGOHGLQWKLVVWXG\LVSDUDOOHOZLWK1/3EDVHGPHWKRGVDQGLWVHDUFKHVIRUWKHcompleteness DQGsuitability for the 
useRIWKHRQWRORJ\$FFRUGLQJWRWKHFODVVLILFDWLRQSUHVHQWHGE\%RORWQLNRYDHWDO>@WKHPHWKRGIROORZHGFDQEH
GHHPHG DV D ³PDQXDO´ DQG ³GDWDGULYHQ´ PHWKRG DSSOLHG IRU ³WHVWLQJ EHIRUH UHOHDVH´ ZLWK WKH JRDO RI
³FRPSOHWHQHVV DQG SUHFLVLRQ RI WKH GLFWLRQDU\ RI WKH VXEMHFW GRPDLQ´ DQG ZLWK WKH DQDO\VLV REMHFW DV WKH
³GLFWLRQDU\´
'HSLFWLRQRIHYDOXDWLRQGHWDLOV
7KUHHFDVHVWXGLHVIURPFODLPDQDO\VLVDUHVHOHFWHGEHWZHHQILYHDYDLODEOHGXHWRWKHLUGHWDLOKDQGOHGLQ3KUDVHV
LQ WKH UHSRUWV DUH VHSDUDWHG LQWR FRQFHSWV XQGHUOLQHG DQG WKH\ DUH PDWFKHG ZLWK WKH UHODWHG FRQFHSWV LQ WKH
RQWRORJ\DVLQWKHH[DPSOHSURYLGHGLQIROORZLQJWDEOH7DEOH3KUDVHVRIWKHUHSRUWDUHWRWDOO\NHSWLQTXRWDWLRQ
PDUNVZKHUHDVRQO\FRQFHSWVLQWKHRQWRORJ\DUHSUHVHQWHGLQTXRWDWLRQPDUNV7RVSHFLI\WKHSODFHRIWKHFRQFHSW
LQ WKH RQWRORJ\ XSSHU FRQFHSWV GHILQHG DUH DOVR LQFOXGHG )RU WKH LQFOXVLRQ RI LQIRUPDWLRQ RI UHODWLRQV LQ WKH
RQWRORJ\ WKHZRUG ³XQGHU´ LV XVHG WR UHIHU WD[RQRPLF UHODWLRQVEHWZHHQ FRQFHSWVZKHUHDV WKHGHPRQVWUDWLRQ ³
DVVRFLDWLRQBQDPH´LVXVHGIRUWKHQRQWD[RQRPLFUHODWLRQV6R³SKUDVHVLQRQWRORJ\´DUHLQGLFDWHGLQSDWKIRUPV
VXFKDV³FRQFHSW´XQGHU³FRQFHSW´DVVRFLDWLRQ³FRQFHSW´7KHIROORZLQJWDEOH7DEOHH[HPSOLILHVWKHSURFHVV
KHOGGXULQJHYDOXDWLRQ

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7DEOH([DPSOHIRUFRPSDULVRQRIFRQFHSWV
3KUDVHLQWKH5HSRUW 3KUDVHLQWKH2QWRORJ\
2EWDLQLQJEXLOGLQJ
SHUPLWV&RQWUDFWRU
LQIRUPVWKH(QJLQHHU
DERXWWKHGHOD\GXHWR
REWDLQLQJEXLOGLQJ
SHUPLWVLVQRWLQWKHLU
FRQWUDFWRU
V
UHVSRQVLELOLW\DQG
FODLPVWKHUHTXLUHG
H[WHQVLRQRIWLPH
(QJLQHHUDSSURYHVWKH
FRQWUDFWRU
VFODLPDQG
ZLWKWKHFRQVHQWRI
RZQHUGD\VRI
H[WHQVLRQLVDZDUGHG
WRFRQWUDFWRUDQGWKH
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